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In this paper, we try to develop a theory for non-Hermitian Majorana zero modes. The universal
features of non-Hermitian Majorana zero modes are obtained and we found that the non-Abelian
statistics for them becomes anomalous that is different from the usual non-Abelian statistics. With
the help of braiding the two non-Hermitian Majorana zero modes, the pi/8 gate can be reached and
thus universal topological quantum computation becomes possible.
Majorana zero modes (MZMs) have recently attracted
much attention due to the potential application in topo-
logical quantum computation (TQC) [1–17] . MZMs
had been predicted to be induced by vortices in two-
dimensional spinless px + ipy-wave superconductor (SC)
[1], or localize at the ends in a one-dimensional p-wave
SC [2]. For these topological superconductors (TSCs)
with MZMs, there exist topologically protected degen-
erate ground states (the so-called Majorana qubit) and
thus MZMs obey non-Abelian statistics [3, 10]. Based
on braiding the MZMs obeying non-Abelian statistics,
TQC is proposed [5, 6] Unfortunately, it is pointed out
that because the pi/8 gate cannot be reached by braiding
processes, the universal TQC based on MZMs becomes
no-go. A realistic approach to achieve universal TQC via
MZMs is still a challenge.
On the other hand, in recent years non-Hermitian (NH)
physics becomes an active research areas that attracts
a lot of researches from different fields [18–71]. People
had investigated some NH effects on topological SCs and
MZMs. Previous work mainly focus on two types of NH
terms on TSCs [24–30]: one is about gain and loss in
SCs induced by imaginary chemical potentials [24–28];
the other is about imbalanced superonducting order pa-
rameters [29]. In these papers, MZMs show similar prop-
erties as those in a Hermitian system. However, there
still exist many open questions about the MZMs in NH
TSCs:
1) Can we generalize the MZMs to NH systems that
show universal but quite different properties with their
Hermitian counterparts?
2) Do there exist the orthogonal (non-local) Majorana
qubits from NH generalized MZMs in a NH TSC?
3) Can the NH effect change the non-Abelian statistics
of MZMs?
4) May the NH generalized MZMs provide an alterna-
tive approach to do universal TQC beyond their Hermi-
tian counterparts?
In this paper, we try to answer above questions and
∗Corresponding author; Electronic address: spkou@bnu.edu.cn
develop a theory for non-Hermitian generalization for
MZMs (the so-called NH MZMs) and the correspond-
ing NH generalization for non-Abelian statistics (the so-
called anomalous non-Abelian statistics).
Non-Hermitian Majorana zero modes. In the
Hermitian TSCs, it was known that the point-like topo-
logical defects trap MZMs. For example, an one-
dimensional (1D) p-wave SC in weak pairing phase be-
comes a TSC, of which edges or domain walls may host
MZMs. In general, a single MZM (it was sometimes
called Majorana Fermion) can be described by a real
fermionic field γ =
∫
dr (u0ψ
∗ + u∗0ψ) obtained as a solu-
tion of the BdG equations, where ψ(r) is the wave func-
tion of the MZM and γ† = γ. We can label two MZMs
by complex fermions as γ1 = c1 + c
†
1, γ2 = −i(c2 − c†2),
and then, the two MZMs can be used to represent the
basis states of a (non-local) Majorana qubit :
|0〉M ≡
1√
2
(|00〉+ |11〉), |1〉M ≡
1√
2
(|01〉+ |10〉), (1)
where |00〉 = |0〉1⊗ |0〉2 , |01〉 = |0〉1⊗ |1〉2 , |10〉 = |1〉1⊗
|0〉2, |11〉 = |1〉1 ⊗ |1〉2 . (|0〉i , |1〉i) = (|0〉i , c†i |0〉i) are
the eigenstates for complex fermions c†i , i = 1, 2. |0〉M
is a fermion-empty state, |1〉M = C†M |0〉M is a fermion-
occupied state. Here C†M is composite fermionic operator,
i.e., C†M = γ1 + iγ2 = (c1 + c
†
1) + (c2 − c†2). The fermion
parities for two states of Majorana qubit are different,
i.e., the fermion parity of |0〉M is even and the fermion
parity of |1〉M is odd. By introducing the fermionic parity
operator PˆF = (−1)
∑
j c
†
jcj , we have PˆF |0〉M = |0〉M and
PˆF |1〉M = − |1〉M.
While, whether can we generalize the MZMs and the
corresponding Majorana qubit to NH systems or not?
The answer is Yes ! For a Hermitian system, a global
phase transformation S for Fermion operators is defined
as (c, c†) 7→ (eiφc, e−iφc†) with real φ. Here, we gener-
alize the phase φ from real number to imaginary num-
ber φ = iβ, and the imaginary phase transformation be-
comes a NH particle-hole (PH) similarity transformation:
(c, c†) 7→ S(c, c†) = (eβc, e−βc†) with real β. So with the
help of the NH PH similarity transformation S, we defi-
2nite the non-Hermitian Majorana zero modes as
γβ = SγS−1 = eβc+ e−βc†, (2)
where the NH strength β is a finite, real number (β =
β∗ 6= 0). In particular, the NH MZMs obey the following
relationship:
(γ−β)† = γβ, (γβ)† 6= γβ. (3)
As a result, the properties of NH MZMs are character-
ized by β. In the limit of β → +∞, we have γβ → eβc.
According to the above relationship, the NH PH similar-
ity transformation S breaks intrinsic PH symmetry in a
TSC. The corresponding TSCs with NH MZMs are no
more Hermitian and the corresponding operators γβ are
no more real.
We consider a TSC with two NH MZMs γβ1 , γ
β
2 , of
which the corresponding fermionic operators are defined
as C˜† = 12 (γ
β
1+iγ
β
2 ) and C˜ =
1
2 (γ
β
1−iγβ2 ), with {C˜, C˜†} =
1, (C˜)2 = (C˜†)2 = 0. We therefore introduce the NH
Majorana qubit (|0〉βM , |1〉βM) = (|0〉βM , C˜† |0〉βM) for NH
MZMs, that can be derived from a Hermitian case under
a global NH PH similarity transformation S, i.e.,
|0〉βM = S |0〉β=0M , |1〉βM = S |1〉β=0M ). (4)
From the definition of NH MZMs, there (or almost)
doesn’t exist coupling between γβ1 and γ
β
2 .
For the NH Majorana qubits, according to SPˆFS−1 =
PˆF , the fermion parity is a also good quantum num-
ber. As a result, the fermion parity of |0〉βM is even (or
PˆF |0〉βM = |0〉βM) and the fermion parity of |1〉βM is odd
(or PˆF |1〉βM = − |1〉βM). In addition, we emphasize that
the PH-symmetry for ”empty” state |0〉βM is broken but
the PH-symmetry for ”occupied” state |1〉βM is unbroken.
This effect of PH-symmetry breaking on NH Majorana
qubit would play an important role in changing their
usual non-Abelian statistics to anomalous non-Abelian
statistics.
Anomalous non-Abelian statistics. Firstly, we
summarize the quantum properties of MZMs in Her-
mitian cases. MZMs obey non-Abelian statistics: On
the one hand, the fusion rule of MZMs is given by
σ × σ = 1 + ψ, ψ × ψ = 1, ψ × σ = σ, where 1 is the
vacuum sector, ψ is the (complex) fermion sector, and σ
is the MZM sector. Two σ-particles (MZMs) may either
annihilate to the vacuum or fuse into a ψ-particle; On
the other hand, if we exchange two MZMs (γ1, γ2), the
resulting exchange operation (the braiding operation) is
defined by γ1 → −γ2, γ2 → γ1 and can be described
by ei
pi
4
γ1γ2 . Under braiding process we have (|0〉1 , |1〉1)7→ − (|0〉2 , |1〉2) and (|0〉2 , |1〉2) 7→ (|0〉1 , |1〉1) . During
braiding process, the Berry phases ∆φβ0 and ∆φ
β
1 for |0〉M
and |1〉M are 0 and pi2 , respectively. For the Majorana
qubit (|0〉M , |1〉M)T , the braiding operator is obtained as
RM = diag{1, i} = eipi/4diag{e−ipi/4, eipi/4}.
While, for the NH MZMs γβ , their non-Abelian statis-
tics is different from the Hermitian case and becomes
a new type of non-Abelian statistics – anomalous non-
Abelian statistics.
On the one hand, there exists usual fusion rule for
the NH MZMs: σβ × σβ = 1β + ψβ , ψβ × ψβ = 1,
ψβ × σβ = σβ , where 1β is the NH vacuum sector, ψβ is
the NH (complex) fermion sector, and σβ is the NHMZM
sector. Two NH σβ -particles may either annihilate to the
NH vacuum 1β or fuse into a NH ψβ-particle.
On the other hand, there exist anomalous braiding pro-
cesses for the NH MZMs γβ . According to the case with
two NH MZMs γβ1 , γ
β
2 , there always exist two degener-
ate quantum states (the so-called NH Majorana qubit).
Consequently, the braiding process for the NH MZMs is
also defined by γβ1 → −γβ2 , γβ2 → γβ1 . Then, a question is:
can the braiding operation for NH MZMs RβM be derived
by doing similarity transformation on the braiding oper-
ation for Hermitian MZMs RM, i.e., RβM 6= SRMS−1?
The answer is no!
Let us derive the braiding matrix on Majorana qubit
RβM during the braiding processes. During the braiding
processes, the quantum states of Majorana qubit (|0〉βM
and |1〉βM) change smoothly. The Berry phases for quan-
tum states of Majorana qubit |0〉βM and |1〉βM from braid-
ing operation are calculated by the Wilson loop method,
|Ai| e∆φ
β
i =
∏n=Ns
n=0
β
M 〈i(θ, ϕn)|i(θ, ϕn+1)〉βM , i = 0, 1
(5)
where |i(θ, ϕn)〉βM is the i-th quantum state of the Ma-
jorana qubit at n-step during the braiding process that
is labeled the two parameters θ = 2 arctan(e2β) and ϕn,
and the amplitude |Ai| = 1 when the evolution step num-
ber Ns is large enough. In above equation, we have
|0(ϕn)〉βM = 1√2 [eiϕn |00〉 + e−2β |11〉] and |1(ϕn)〉
β
M =
1√
2
[e−β |01〉+ e−iϕne−β |10〉].
We take the quantun state |0(ϕn)〉βM as an example
to show how to obtain the Berry phase ∆φβ0 during the
braiding processes.
Firstly, we map the qubit (|00〉 , |11〉) onto a pseudo-
spin (↑,↓) and use the Bloch sphere to label the quantum
states. In the Hermitian limit β = 0, the initial state is
1√
2
(|00〉+ |11〉) that is denoted by a spot at the equator
on the Bloch sphere, [θ, ϕ] = [pi/2, 0]; in the NH case
β 6= 0, the initial state becomes 1√
2
(|00〉+e−2β |11〉) that
is denoted by a spot away from the equator of the Bloch
sphere, [θ, ϕ] = [2 arctan(e2β), 0].
Next, we show the effects of braiding operation, RβM.
In the Hermitian limit β = 0, the initial state adiabati-
cally deforms into 1√
2
(eiϕn |00〉+|11〉) that is denoted by a
spot at the equator on the Bloch sphere [θ, ϕ] = [pi/2, ϕn]
and finally changes into 1√
2
(eipi/2 |00〉+ |11〉) that is de-
noted by another spot at the equator on the Bloch sphere
[θ, ϕ] = [pi/2, pi/2]. During the braiding processes we de-
rive the geometry phase (Berry phase) as 12∆ϕ(1− cos θ)
3FIG. 1: An illustration to show the comparison between
usual MZMs and NH MZMs. In this figure, we map the quan-
tum state (|00〉 , |11〉) or (|01〉 , |01〉) onto a pseudo-spin and
use an adiabatic evolution on the Bloch sphere to illustrate
the braiding processes. In particular, there exist anomalous
Berry phases during the braiding processes for quantum state
of NH MZMs with odd fermion parity |0〉β
M
.
where θ = pi2 and ∆ϕ =
pi
2 . For the NH case β 6= 0,
the initial state adiabatically deforms into 1√
2
(eiϕn |00〉+
e−2β |11〉) that is denoted by a spot away from the equa-
tor on the Bloch sphere [θ, ϕ] = [2 arctan(e2β), ϕn] and
finally changes into 1√
2
(eipi/2 |00〉+ e−2β |11〉) that is de-
noted by another spot [θ, ϕ] = [2 arctan(e2β), pi/2] on the
Bloch sphere. After the braiding processes we derive the
geometry phase as 12∆ϕ(1− cos θ) where tan(θ/2) = e2β
and ∆ϕ = pi2 .
Finally, by using similar approach to |1(ϕn)〉βM, the
braiding operators for the Majorana qubit (|0〉βM , |1〉βM)
are obtained as
RβM(
|0〉βM
|1〉βM
) =
(
ei∆φ
β
0 0
0 ei∆φ
β
1
)
(
|0〉βM
|1〉βM
) (6)
where the Berry phases are obtained as ∆φβ0 =
− pi2(e−4β+1) and ∆φβ1 = pi4 . It is obvious that Berry phase
for |0〉βM is different from |0〉M. In the limit of β → +∞,
we have
RβM ≃ diag{ei
pi
4 , i} = ei3pi/8diag{e−ipi/8, eipi/8}. (7)
This is just the pi/8 gate!
Fig.1 is an illustration to show the Berry phases be-
tween usual braiding processes for MZMs ∆φi (i = 0, 1)
and those for the NH MZMs ∆φβi (i = 0, 1). In this fig-
ure, we map the quantum state (|00〉 , |11〉) or (|01〉 , |01〉)
onto a pseudo-spin and use an adiabatic evolution on the
Bloch sphere to illustrate the braiding processes. In par-
ticular, Fig.1 shows the schematic diagram for anomalous
Berry phases ∆φβ0 during the braiding processes for quan-
tum state of NH Majorana zero modes with odd fermion
parity |0〉βM.
An example for numerical simulations on veri-
fying braiding operators R˜M for two NH MZMs.
We take a 1D NH Kitaev model [2] with imbalanced p-
wave SC paring as an example to illustrate the anomalous
non-Abelian statistics between NH MZMs and do numer-
ical simulations on braiding processes. The Hamiltonian
is written as
HˆNHK(β) = −
N∑
j=1
[t(c†jcj+1 + c
†
j+1cj) + ∆
+c†jc
†
j+1
+∆−cj+1cj + µ(1− 2nj)] (8)
where cj (c
†
j) annihilates (crates) a fermion on site j, and
t, ∆±, µ, N , denote the hopping amplitude, the strength
of p-wave pairing, the chemical potential, the lattice num-
ber, respectively. We set ∆± = ∆0e±2β , where β ∈ R
represent the NH strength and ∆0 > 0. When β 6= 0, we
have HˆNHK 6= Hˆ†NHK. In this paper, we focus on the case
of t = ∆0.
HˆNHK shows global similarity. As shown in Ref.[29],
under the global similarity transformation dj ≡ e−βcj ,
d†j ≡ eβc†j ({dj , d†k} = δjk, {dj , dk} = {d†j , d†k} = 0), the
original NH Hamiltonian HˆNHK turns into a Hermitian
one HˆHK ≡ HˆNHK(β = 0) = S−1HˆNHKS, i.e., HˆHK =
−∑j{(td†j+1dj +∆0d†jd†j+1+ h.c.)+µ(1− 2nj)}. Due to
global similarity, the energy levels of HˆNHK are same to
those of HˆHK, i.e., En(β) = En(β = 0). Each quantum
state of HˆNHK can be obtained by |Ψ(β)〉 = S|Ψ(β = 0)〉,
where |Ψ(β)〉 is the eigenstate of HˆNHK and |Ψ(β = 0)〉
is the eigenstate of HˆHK.
The 1D non-Hermitian SC may have non-trivial topo-
logical properties. For the translation variables ansatz,
one transform the fermion Hamiltonian into momen-
tum space, HˆNHK(k) =
∑
k ψ
†
kh(k, β)ψk with h(k, β) =
(t cos k + µ) · σz + ∆0 sin k · σy,β by introducing ψk =
(ck, c
†
−k)
T , where σy,βj = Sσyj S−1 = cosh(β)σyj −
i sinh(β)σxj is a 2 × 2 matrices. With the help of the
biorthogonal set, we define right/left eigenstates for the
NH systems as HˆNHK|ΨRn 〉 = En|ΨRn 〉, and Hˆ†NHK|ΨLn〉 =
E∗n|ΨLn〉, where En, E∗n are the corresponding eigenval-
ues (n = 0, 1 represent the two lowest energy states).
To describe this topological structure of HˆNHK, we define
biorthogonal Z2 topological invariant, ω = sgn(ηk=0 ·ηk=pi)
where η
k=0/pi
=
〈
ΨL0
∣∣ c†k=0/pick=0/pi ∣∣ΨR0 〉 and ηk=0/pi (β) =
η
k=0/pi
(β = 0). So we have η
k=0
= sgn(t + µ), and
η
k=pi
= sgn(−t+µ). For the case of ω = 1 (|t| < |µ|), the
SC is trivial; for the case of ω = −1 (|t| > |µ|), the SC
becomes topological one.
In topological phase with ω = −1, there exist two edge
states with (nearly) zero energy. For the case of t = ∆0,
the NH MZM at left end γβL and that at right γ
β
R end
are obtained as γβL =
1√
Ω
∑N
j=1(
µ
t )
j−1
[
eβc†j + e
−βcj
]
,
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FIG. 2: (a) The numerical results (dots) and the analytical re-
sults (lines) for the similarity between two degenerate ground
states in NH Kitaev model with t = ∆0, µ = 0, β = 0.2,
0.8, 1.2. These results indicates the orthogonality of two de-
generate ground states in thermodynamic limit (N 7→ ∞);
(b) The schematic diagram for T-type braiding process to
exchange the two NH MZMs. We take a system with 8 Majo-
rana fermions as an example; (c) The Berry phase for quan-
tum state |0〉R
M
and |1〉R
M
during the braiding processes. The
numerical results (dots) is exactly consistent to the theoret-
ical prediction (lines). (d) An illustration for non-Hermitian
assisted topological quantum computation. In step-2, a pi/8
gate is realized in a single Majorana qubit by tuning the NH
strength β.
and γβR = −i 1√Ω
∑N
j=1(
µ
t )
j−1
[
eβc†N−j+1 − e−βcN−j+1
]
,
respectively. Here, the self-normalization factor is Ω =
((µt )
N − 1)/((µt )− 1). After defining the fermionic oper-
ators C˜ = (γβL + iγ
β
R)/2, C˜
† = (γβL − iγβR)/2, we get the
two ground states with open boundary condition (OBC)
as |Ψ0(β)〉 = C˜ |F 〉, |Ψ1(β)〉 = C˜† |0〉, where |F 〉 is the
NH ground state with occupied single particle states for
E < 0 and empty single particle states E ≥ 0. The en-
ergy splitting between the two nearly degenerate ground
states are obtained as ∆E = (µ
2−t2)
t (−µt )N . We found
that in thermodynamic limit (N 7→ ∞) the energy split-
ting is zero and |Ψ0(β)〉 and |Ψ1(β)〉 are orthogonal by
calculating similarity between them, which is defined as
χ(β) = |〈Ψ0(β)|Ψ1(β)〉|. Here, |Ψ0/1(β)〉 is satisfied self-
normalization condition |〈Ψ0/1(β)|Ψ0/1(β)〉| = 1. For
example, when t = ∆0 and µ = 0 we have χ(β) =
(tanhβ)N . It is obvious that χ(β) 7→ 0 with N 7→ ∞,
i.e., the two degenerate ground states are orthogonal. See
the numeric results (the dots) and the analytic results
(the lines) for the 1D NH Kitaev model with t = ∆0,
µ = 0, β = 0.2, 0.8, 1.2 in Fig.2(a).
According to the definition, the fermion parity of
|Ψ0(β)〉 is even and the fermion parity of |Ψ1(β)〉 is odd.
Therefore, due to the orthogonality and the parities of
the two-fold degenerate ground states, we can use them
to construct the two basis states of (non-local) NH Ma-
jorana qubit. We introduce the Majorana qubit in this
system as: |0〉βM ≡ |Ψ0(β)〉 = C˜ |F 〉 , |1〉βM ≡ |Ψ1(β)〉 =
C˜† |0〉.
The non-Abelian statistics of two NH MZMs can be
verified in the T-junction Majorana chain systems, which
contain 4 lattice sites (or 8 NH Majorana Fermions),
as shown in Fig.2(b). Here, the braiding processes of
the two NH MZMs are denoted by blue dotted arrows
[10, 72]. At the beginning of the braiding processes, two
unpaired NH MZMs locate at the left end γβL = γ
β
1,A(T0)
(green ball) and right end γβR = γ
β
3,B(T0) (black ball)
of the 1D non-Hermitian TSC chain. We can adia-
batically tune the chemical potential and hopping (and
pairing) parameters to exchange the two NH MZMs.
The result of the braiding operator RβM is described by
γβ1,A(T7) = −γβ3,B(T0) and γβ3,B(T7) = γβ1,A(T0).
We do the numerical simulations on verifying braid-
ing operator RβM for two NH MZMs by mapping the
original fermionic model HˆNHK(β) onto a transverse
Ising model via Jordan-Wigner transformation c†j =
σ+j
∏
l<j(−σzl ), cj =
∏
l<j(−σzl )σ−j . Under the trans-
formation, the corresponding Hamiltonian of 1D NH Ki-
taev chain turn into that for a NH transverse Ising model,
i.e., HˆNHK(β) = − 14
∑
j(Jσ
x,β
j σ
x,β
j+1−4µσzj ) where σx,βj =
cosh(β)σxj +i sinh(β)σ
y
j and J = t = ∆0. Meanwhile, the
braiding process for the Majorana qubit (|0〉βM , |1〉βM) is
mapped onto that for the two degenerate ground states
in spin representation. The braiding operation RβM for
two MZMs is mapped onto the corresponding operation
Rz(ϕ) switching the spin direction from the x-axis to
the y-axis in the x-y plane in spin representation, i.e.,
RβM ↔ Rz(ϕ), that is same to the case in Hermitian
system. ϕ is the spin rotation angle during the braid-
ing processes. The Berry phases for quantum states of
Majorana qubit |0〉βM and |1〉βM from rotation (or Majo-
rana braiding) are calculated by the Wilson loop method,
|Ai| e∆φ
β
i =
∏n=Ns
n=0 〈ψi(ϕn)|ψi(ϕn+1)〉 , i = 0, 1 where
the amplitude |Ai| = 1 when the step number Ns is
large enough. The numerical results are shown in Fig.2(c)
(dots), which is exactly consistent to the theoretical pre-
diction (lines).
Non-Hermitian assisted topological quantum
computation via Non-Hermitian MZMs. Due to
non-locality and orthogonality, the NH MZMs may be
utilized as a decoherence-free qubit, and plays an im-
portant role for the realization of fault-tolerant universal
TQC. We proposed an alternative approach to universal
TQC via NH MZMs – Non-Hermitian assisted topological
quantum computation.
To do universal TQC, people need to do the follow-
ing four gates topologically: the Hadamard gate H =
1√
2
(
1 1
1 −1 ), the phase gate S = (
1 0
0 i
), the pi/8 gate
T = (
eipi/8 0
0 e−ipi/8
) and the Controlled NOT (CNOT)
gate. It is known that by braiding MZMs in Hermitian
5TSC, people can do the Hadamard gate, the phase gate
and CNOT gate. But the last remaining pi/8 gate cannot
be realized by the braiding process.
If one can realize HˆβNHK with freely adjustable NH
strength β, one can adiabatically tune β to do univer-
sal TQC: when do the Hadamard gate, the phase gate,
the CNOT gate, we set NH strength β to be zero; when
do the pi/8 gate, we set the NH strength β to be a
big value. For this case, during the braiding processes,
the pi/8 gate can be reached, i.e., RβM ≃ diag{ei
pi
4 , i} =
ei3pi/8diag{e−ipi/8, eipi/8}. In the end, to do measurement,
the NH strength β return to zero again.
In Fig.2(d), an illustration of two phase gates S and a
pi/8 gate for NH assisted TQC is shown. In this figure, we
take a braiding process with three steps as an example:
a phase gate S by exchanging two MZMs by exchanging
two NH MZMs in the system β = 0, a pi/8 gate in the
system with β 6= 0, a phase gate S by exchanging two
MZMs in the system β = 0.
Conclusion and discussion: In this paper, we try
to develop a theory for non-Hermitian generalization for
MZMs and introduce NH-MZMs, that are described by
γβ = SγS−1 where S is NH PH similarity transformation
and β is the NH strength. The universal features for NH
MZMs are obtained: 1) there exist non-local, orthogonal
NH Majorana qubits from NH MZMs, (|0〉βM , |1〉βM) =
(S |0〉M ,S |1〉M); 2) the anomalous non-Abelian statistics
(including the usual fusion rule and anomalous braiding
matrix) for the NH MZMs is different from the usual
non-Abelian statistics, i.e., RβM 6= SRMS−1 = RM. In
the end, a new type of universal TQC – NH assisted
topological quantum computation is proposed. With the
help of braiding NH MZMs in large β limit, the pi/8 gate
can be achieved.
In the future, we would apply the theory to other
TSCs, such as the two-dimensional NH px + ipy TSC
and higher ordered NH TSCs, and then study the possi-
ble physics realization or simulation of the NH MZMs in
these NH topological systems.
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